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1
Introduction
During the latest RAN#71 meeting, a study on new radio access technology, also many times referred as 5G, was approved [1]. In this contribution we address basic principles for physical layer design for next generation radio access to support eMBB, MTC and URLLC [2]. 
The next generation radio interface shall support spectrum from below 1GHz up to 100GHz carrier frequencies with several different system bandwidths ranging from few megahertz to several hundred megahertz with different network deployments. Additionally, the new radio interface should support different services such as enhanced mobile broadband, massive machine type communications and ultra-reliable and low latency communication operated in same frequency band [3]. To fulfil these different requirements, selection of waveform, numerology and frame structure as well as beamforming solutions need careful analysis. 

In this contribution we address high level design principles on waveform, numerology, and beamforming, with references to more detailed contributions on these topics.
2
Discussion
2.1
Waveform considerations

For enhanced mobile broadband services, a waveform needs to provide good time-localization properties enabling low latency and low cost receivers with good MIMO / beamforming performance. Therefore we consider that basic CP-OFDM with windowing as the baseline waveform for the downlink, uplink and D2D transmissions in 5G especially on frequencies below 40GHz. 
Different OFDM variants, such as low peak to average power ratio (PAPR) DFT-S-OFDM (DFT spread OFDM) with null-cyclic prefix (CP)/zero-tail and universal filtered (UF-OFDM) can be obtained as a straightforward add-on over basic OFDM without adding significant complexity

On lower carrier frequencies (e.g. below 6GHz), OFDMA wherein filtering is applied over parts of the transmission bandwidth can provide additional benefits by reducing guard frequencies between different transmissions. This benefits can be obtained between different carrier bands improving spectral usage from e.g. 0.9 to 0.96 or inside the band when different numerologies are multiplexed inside single band or different transmissions are unsynchronized [4]. The promising methods, in our view, is Unified Filtered OFDMA (UF-OFDMA) to provide sub-band wise filtering 
For higher frequencies such as 30/40GHz-90GHz, it is important to support analog beamforming and have very low peak to average power ratio (PAPR) to mitigate more difficult propagation conditions. The zero-tail DFT-spread OFDM waveform would provide a single carrier waveform so that favourable PAPR characteristics can be obtained. Additionally the zero value CP can be utilized for additional guard time needed for link direction and beam switching in analog-beamforming which is discussed in section 2.3. 
An additional key benefit of zero-tail DFT-spread OFDM is that the overhead related to the cyclic prefix or guard periods can be adapted flexibly to the propagation conditions, cell size etc., instead of being hard-coded in the numerology [5]. Finally, we note that having same waveform for both uplink and downlink especially in TDD systems would be highly beneficial as it would enable better utilization of flexible TDD, D2D, in-band relay solutions etc. Therefore introducing different waveform for uplink and downlink should be carefully considered.

In summary we have the following proposals:
1. Waveforms for new radio shall be based on OFDM. 

2. The UF-OFDMA with windowing should be considered as a solution to improve spectral efficiency, multiplexing of different numerologies and supporting unsynchronized transmissions mainly below 6GHz.
3. Utilizing ZT-DFT-spread OFDM should be considered for higher frequencies such as above 40GHz. 
4. Same waveform is utilized in both uplink and downlink.
Additional details of the benefits of different waveform options are presented in [4] and [5].
2.2 
Numerology principles
Due to the diverse requirements it is apparent that a single numerology is not sufficient for future next generation radio interface. However, in order to enable a single system design, allow implementations more easily to support multiple numerologies, and enable co-existence between different numerologies, the following observations can be made: 

1. Smaller cell sizes and higher frequencies imply lower delay spreads and hence allow shortening cyclic prefix.
2. Phase noise becomes an increasingly dominant impairment for higher frequencies. It can be alleviated through larger subcarrier spacing and phase noise estimation and compensation.
3. The used bandwidth and subcarrier spacing should scale with carrier frequency.
4. All new radio sampling rates and corresponding subcarrier spacing are 2N from the one base sampling rate. 
5. Base sampling rate corresponding subcarrier spacing is 2N from the base sampling rate used in LTE (and 3G).
6. Subframe length is integer division of 1ms corresponding LTE subframe.
Thus to support available spectrum and different deployments it is expected that several different numerologies options are needed with following target spectrum and deployments

1. Long symbol and CP/ZP to support narrow band transmission on low carrier frequencies typically below 6GHz and wide area cells.

2. Long symbol and CP/ZP to support low carrier frequencies, typically below 6GHz and wide area cells 

3. Short symbol and CP/ZP to support low carrier frequencies, typically below 6GHz and urban deployments 

4. Short symbol and CP to support carrier frequencies between 3-40GHz for small cells urban deployments 
5. Short symbol and CP to support high carrier frequencies ranging from 20-100GHz
6. Short symbol to support zero-tail DFT-spread OFDMA on high carrier frequencies ranging from 20-100GHz

In summary we have the following proposals:

1. All the 5G new radio sampling rates and corresponding subcarrier spacing are 2N from the one base sampling rate. 

2. The 5G new radio base clock rate is 2N of the base sampling rate used in LTE.

3. The 5G new radio subframe length is defined as integer division of 1 ms corresponding to LTE subframe.
4. A quantised set of supported different numerologies options is needed to support different spectrum and deployments requirements.
We discuss more details on different numerology options in [6]. 
2.3
Subframe and frame design
As we have previously discussed for waveforms and numerology principles, the subframe and frame structures should support different service and deployment requirements. Furthermore the designed subframe shall support expected minimum latency of the new radio system. Due to these diverse requirements we consider a generic basic subframe design where a single subframe consist of n number of symbols resulting in a subframe length of 0.1.25ms. The selected number of symbols n is dependent on the used numerology option. 

We consider that there would exist three different subframe formats namely: Downlink only subframes, uplink only subframes and subframe with bi-directional control as presented in Figure 1. These subframe structures would all be valid for TDD, as FDD would only use Downlink and Uplink only subframes for downlink and uplink transmissions respectively. 

The subframe with bi-directional control is targeted to contain downlink control, data part for downlink or uplink data and uplink control part and single GP. The GP is used to support switching between downlink and uplink transmissions and is therefore the location of the GP depended on whether the bi-directional subframe carries downlink or uplink data as presented in Figure 1. The decision of the utilization of data part for uplink or downlink data is done by BS scheduler and can be changed in every subframe, to support fully dynamic TDD operation. In case that TDD network desires to utilize longer uplink or downlink transmission periods, those can be achieved by concatenating multiple downlink/uplink only subframes together by scheduling decision of BS scheduler. 


[image: image1]
Figure 1: TDD: DL only, UL only and bi-directional subframes.

For the subframes we have the following proposals:
1. The subframe length is between 0.125. 
2. Number of symbols in the subframe is dependent on used numerology.
3. Subframe configurations shall maximize commonality between FDD and TDD.

4. In TDD both UL/DL directions can be present.
5. Longer transmission periods to downlink or uplink directions are multiples of subframe
6. DL and UL have same waveform and frame structure for control, data and reference symbols to support fully flexible traffic adaption between UL/DL.

7. Control plane localized in time and frequency with time multiplexing with data to support low latency decoding energy-effective pipeline processing and support cross link interference free CTRL channels 

These issues are discussed with more details in [7].
When considering multiplexing of different users, especially on lower carrier frequencies supporting different services and device types, it is expected that subframe is not always sufficient for single transmission in time. This can be due to limitations of transmission power (mMTC devices) or due to coverage, as well as in case of extensive amount of data with limited bandwidth. In such cases, the system may allocate different transmission periods for different users in multiples of the subframe. 
When multiplexing different users with different minimum transmission periods into the system we assume following: 
· Longer TX periods is flexible amount of DL and UL only subframes 
· TTI length is UE specific 
· Support short 0.125ms TTI for reduced latency.
· Longer TTI for cell edge UEs to improve coverage
2.4
Flexible MIMO and Beamforming
For next generation radio access it is expected that different single user, multi-user and beamforming solution are essential. Due to different carrier frequencies and deployments, the utilization of different transmission and reception technologies is expected as well as the use of different numbers of antenna elements. We foresee that fully digital baseband, Hybrid array, Analog/RF array solutions, depicted in Figure 2 and Figure 3, will be used by different implementations. Furthermore, we consider that agreeing certain technology to be used on certain carrier frequency and bandwidth in forward compatible manner is impossible and not preferable in standardization.  
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Figure 2: Antenna Array Architectures: Left = baseband, Right = Analog/RF
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Figure 3: Hybrid Antenna Array Architectures: Left = fully connected, Right = sub-array
In order to have a forward looking standard we consider that support of SU/MU-MIMO and beamforming solutions should be fully scalable in terms of number of antenna ports, number of transceiver units, and number of antenna elements. Additionally, we propose the BS transmitter processing should be transparent from the UE perspective with minimal assumptions on the SU/MU-MIMO and beamforming operation at the BS. User-specific reference symbols are preferred so as to avoid exposing the transmission and reception technology or BS antenna configuration to the UE. The UE would also provide generic CSI feedback with respect to the BS processing technology [8].
The target shall be that operator can leverage improved new radio-BS (NR-BS) MIMO technology to all devices when improving NR-BS capabilities, and thus improvements should not only be available for those UEs that support specific reporting and TX-modes and number of ports. Further details of different MIMO processing is discussed in [8].
In higher operating carrier frequencies it is commonly understood that beamforming is needed to obtain sufficient cell coverage for the downlink common channels (e.g., synchronization signal(s), broadcast and downlink control channels). Trying to find and agree specific frequency value from where the common channel beamforming would be supported, would not be beneficial, rather we consider that it is crucial that common channel beamforming should be leveraged in all frequencies to improve coverage and cell detection and hence avoid per carrier frequency type of implementation [9].
In summary, for multi antenna operation we have the following proposals: 

1. Flexible and scalable support for different number of TX and RX antennas and transceiver units at the both BS and UE. 

2. Support for different transmission and reception architectures at the BS and UE
3. Support digital baseband, Hybrid array, Analog/RF array solutions at BS.

4. Multi antenna transmission are based on user specific reference symbols

5. Support beamforming of downlink common channels

3
Conclusion
In this contribution we have introduced several basic components of the new radio access technology. In particular we have discussed the waveform, frame structure and multi-antenna operation. The following proposals can be summarized:
Proposals:

Waveforms and numerology:
1. Waveforms for new radio shall be based on OFDM.  

2. The UF-OFDMA with windowing should be considered as a solution to improve spectral efficiency, multiplexing of different numerologies and supporting unsynchronized transmissions mainly below 6GHz.

3. Utilizing ZT- DFT-spread OFDM should be considered for higher frequencies such as above 40GHz. 

4. Same waveform is utilized in both uplink and downlink.
Numerology:

1. All the 5G new radio sampling rates and corresponding subcarrier spacing are 2N from the one base sampling rate. 

2. The 5G new radio base clock rate is 2N of the base sampling rate used in LTE.

3. The 5G new radio subframe length is defined as integer division of 1 ms corresponding to LTE subframe.
4. A quantised set of supported different numerologies options is needed to support different spectrum and deployments requirements.
Frame structure:
1. The subframe length is 0.125ms. 
2. Number of symbols in the subframe is dependent on used numerology.
3. Subframe configurations shall maximize commonality between FDD and TDD.

4. In TDD both UL/DL directions can be present.

5. Longer transmission periods to downlink or uplink directions are multiples of subframe

6. DL and UL have same waveform and frame structure for control, data and reference symbols to support fully flexible traffic adaption between UL/DL.

7. Control plane localized in time and frequency with time multiplexing with data to support low latency decoding energy-effective pipeline processing and support cross link interference free CTRL channels 

Multi antenna operation:

1. Flexible and scalable support for different number of TX and RX antennas and transceiver units at the both BS and UE. 

2. Support for different transmission and reception architectures at the BS and UE.
3. Support digital baseband, Hybrid array, Analog/RF array solutions at BS.

4. Multi antenna transmission are based on user specific reference symbols

5. Support beamforming of downlink common channels
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